Abstract. In this paper, the model for fiber break in unidirectional (UD) lamina is established based on the distribution function of fiber static strength, and in combination with experimental data, the effect of load stress on fiber break is analyzed. Analysis of the result indicates that under high stress level, the life of the UD lamina is controlled by the fiber strength itself, so it can be estimated by the static fiber strength distribution model, and under low stress level, the life of the UD board is controlled by the matrix strength and its anti-fatigue performance, and damage coupling is the major cause of fiber break.
Introduction
Owing to its excellent mechanical properties in high performance structure, FRP has been widely used in such fields as aviation, aerospace and automobile. With the improvement of structure load-bearing level and the requirement for long service life, the fatigue of FRP has become the focus of more and more researchers [1] [2] [3] [4] [5] [6] . Since composite in use often bears the fatigue load, the reliability and safety of relative structure depends on the fatigue feature of the composite. Most researchers believe that the residue stiffness can be a phenomenological measurement for composite damage, because on the one hand the residue stiffness has avoided the complicated fatigue damage mechanism inside the composite, and on the other hand, the data of stiffness can be easily obtained with nondestructive testing.
Mechanism
Compared with common metal material, the fatigue damage mechanism for composite is much more complicated. The expansion process of the fatigue damage can be qualitatively described in Figure 1 . The development of the damage can be divided into three phases: in Phase I, the matrix in the ply cracks evenly, and the interaction between the cracks is quite weak, with a few fiber break. In Phase II, the interaction between the matrix cracks gradually increases and the fatigue damage is localized. Meanwhile, the number of broken fibers and speed of breaking are also increasing. In Phase III, obvious delamination occurs between the laminas and its load bearing performance degrades quickly. It will fail in a comparatively short time, so this phase has the feature of "sudden death".
Currently most researches on FRP laminate fatigue behavior in China focus on the matrix and the damage coupling, and fiber break is rarely mentioned. Based on static fiber strength distribution model, this paper studies the effect of load stress level on fiber break in UD laminate fatigue behavior.
The section headings are in boldface capital and lowercase letters. Second level headings are typed as part of the succeeding paragraph (like the subsection heading of Figure 1 ). 
Model Fiber Bundle Model
The research conducted by Chen Guohua et al. [7] indicates the static strength of different kinds of fibers is subject to certain distribution. For UD composite (figure 2), under the action of tension, the fiber of low strength will be damaged at first, and other fibers of high strength can continue to bear load. Suppose a bundle of fibers is applied the external cyclic load σ , and the load-bearing mode of this bundle of fibers can be regarded as a parallel model, the probability density function and the distribution function of the static strength x are respectively ( ) f x and ( ) F x . After the first cycle, the fiber break percentage Figure 2 . The parallel fiber model.
Where, 0 R is the minimal value of the fiber static strength. Accordingly, suppose the stress borne by each fiber is ( ) n σ after n times of cyclic load, the fiber break percentage
UD Lamina Model
Based on the fiber bundle model, the UD lamina stiffness degradation model can be established. For the UD lamina commonly used in engineering, its fibers is basically evenly laminated, and its mid-plane strain in axial tensile is basically the same, therefore its load-bearing mode can be approximately parallel. Suppose the elasticity modulus of the UD lamina matrix and the fibers are f E and m E respectively and their volumetric contents are f V and m V , then the longitudinal elasticity modulus of the UD lamina is:
Under the external load 0 σ , the UD lamina produces the longitudinal strain:
So the mean stress borne by each fiber is: (1) (1)
Substitute the above formula into formula (1), we can obtain the fiber break percentage ( )
Consequently, on the second load, its longitudinal strain becomes
The mean stress borne by each fiber is: (2) (1)
Therefore, the degradation process of the UD lamina longitudinal stiffness under the cycle load can be obtained.
For the actual UD lamina, because of such influencing factors as the uneven laid fibers and remaining thermal stress, the fiber strength is far from the ideal condition. In fact, it declines to a certain extent, and the actual offset may be obtained by the strength data of the ply.
Experimental Verification
In order to evaluate the effect of the fiber strength on the stiffness of the composite lamina, the [0]8 fiber-glass FRP is chosen, and the original data is as follows ( According to the research conclusion of Literature [6] , the fiber-glass is generally subject to the Rayleigh distribution, and based on the distribution function and the probability density function, the mean fiber strength of this batch of samples is 1615.163MPa, and the laminate strength is 996.775 MPa.
For this group of samples, fatigue tensile tests are conducted respectively under 0.9, 0.8, 0.7, 0.6 and 0.5 times of limit load, and the regularized curve of stiffness degradation is shown in Figure 3 . Seen from the above figure, under the action of 0.9 times of limit load, the experimental life of the [0]8 lamina is consistent with the predicted model life value, and the instability breaking area of the lamina can also be predicted with the model. However, under this condition, no obvious three-phase property appears, and the fatigue behavior is not obviously shown. Under 0.8 and 0.7 times of limit load, there is certain deviation between the experimental life and the predicted model life, but the general tendency keeps unchanged. Under 0.6 and 0.5 times of limit load, there exists a great error between the experimental life and the predicted model life, and the feature of such three-phase (early phase, middle phase and instability breaking area) fatigue damage is quite obvious.
Conclusion
Under high stress, the strength of the fiber itself controls the life of the UD lamina. Since the fiber strength is subject to a certain distribution, some fibers with insufficient strength will break first, and therefore the subsequent fibers will have to bear higher stress. Owing to the high stress level, the subsequent fibers break continuously, causing acceleration effect. Finally the lamina dies suddenly under high stress.
With the decrease of the load-bearing level, according to the fiber break model, the speed of fiber break will decrease gradually and finally stop breaking. However the experiment indicates that the stiffness of the lamina is still decreasing, which indicates that the effect of the fiber strength on the life of the UD lamina is also reduced. It should be noted that the fiber breaking speed doesn't decrease significantly. This result indicates that under low stress level, the cause of fiber break is usually not insufficient fiber strength, but that the damage of the matrix material expands continuously under the action of alternating load, so the concentrated stress effect at the tip of the matrix crack cuts the fibers.
Under high stress level, the lamina life is comparatively short, so the matrix damage doesn't affect the fiber break significantly. The fiber itself belongs to fragile material, so the lamina doesn't show obvious fatigue behavior. Under low stress level, the fatigue damage of the matrix accumulates obviously and expands continuously. Usually the FRP lamina bears load under medium and low stress level, so improving the anti-fatigue performance of the matrix is critical for lamina life improvement.
